Abstract: Carbon nanotubes (CNTs) draw attention as promising materials due to their excellent electrical and mechanical properties. However, the intrinsic strong interaction between CNTs presents a challenge to their use in various applications. Here, we present a facile method to disperse single-walled carbon nanotubes (SWCNTs) in a polar solution using a graft copolymer, poly(vinyl chloride)-graft-poly(oxyethylene methacrylate), PVC-g-POEM. The graft copolymer was synthesized via atom transfer radical polymerization (ATRP), as confirmed by gel permeation chromatography (GPC) and 1 H NMR spectroscopy. The SWCNTs were uniformly dispersed in a polar solvent such as dimethylsiloxane (DMSO) using PVC-g-POEM as a dispersant, due to interaction between CNT and the graft copolymer, as revealed by transmission electron microscopy (TEM) analysis. Upon removal of the solvent, free standing nanocomposite films with good homogeneity were obtained.
Introduction
Carbon nanotubes (CNTs) such as multi-walled carbon nanotubes (MWCNTs) and single-walled carbon nanotubes (SWCNTs) have drawn great interest due to their high electrical conductivity, electrochemical catalytic effect, large aspect ratio (300∼1000), and excellent mechanical properties. Over the last decades, CNTs have been utilized in various applications such as thermoelectric materials for power generation, 1 counter electrodes, 2 electrolytes 3 of dye sensitized solar cells (DSSC) and electrolyte membranes for fuel cells. 4 One of the critical problems in employing CNTs is aggregation resulting from their strong intrinsic van der Waals attraction between nanotubes. 5, 6 The bundles of CNTs decrease the surface area and electrical properties of CNT. It has been a key issue to suspend CNTs uniformly for optimizing the electrical properties and processibility of CNTs.
Various attempts have been made to disperse CNTs uniformly using high energy sonication 7 and covalent surface modification of CNTs by chemical reaction or acid/base treatment. 8 However, the sonicated CNTs or strong acid-treated CNTs often led to irregular fractured structures, some defects on their surface and reduced aspect ratio, which was detrimental to the CNT properties.
Recently, the use of amphiphilic copolymer such as block copolymer as a dispersant has been considered a promising approach as a facile and nondestructive process. Although well-defined graft copolymers can possess amphiphilic properties similar to block copolymers, there are only a few reports using graft copolymer as a dispersant for CNT. 12, 13 Graft copolymer is more attractive than block copolymer in terms of its low cost and simple synthesis.
Here, we report on the use of amphiphilic graft copolymer, Synthesis of PVC-g-POEM. PVC-g-POEM was synthesized according to a previously reported procedure. 
Results and Discussion
The PVC-g-POEM graft copolymer was synthesized using the chlorine atom of PVC main chains as an ATRP initiation site. It was reported the labile chlorines of PVC are formed as structural defects during the radical polymerization, which act as initiation sites for direct grafting of PVC. 16, 17 The 1 H NMR spectrum of PVC-g-POEM graft copolymer is shown in Figure 1 . The three peaks at 4.6-4.4 ppm are attributed to the CHCl group in PVC whereas the peaks at 4.2, 3.6 and 3.4 ppm are derived from the ethylene oxide units of POEM. 18, 19 Upon comparing the integral areas of each peak, the composition of PVC-g-POEM graft copolymer was determined to PVC:POEM＝30:70 wt ratio.
GPC traces for pristine PVC and PVC-g-POEM graft
copolymer are shown in Figure 2 TEM analysis was carried out to characterize the morphology of graft copolymer and SWCNTs, as shown in Figure 3 . Because of the large difference of electron densities in PVC and POEM chains, the unstained TEM sample of PVC-g-POEM is sufficient to provide clear image contrast between the two domains ( Figure 3(a) ). 15 Dark regions are due to the hydrophobic domains of PVC main chains while bright regions come from the hydrophilic POEM side chains. 15 As seen in the pictures, well-defined microphaseseparated morphology between PVC main chains and POEM side chains was obtained. In Figure 3 
